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Analysis of green and yellow leaflets of Scheff/era arborico/a 
indicated that the green leaflets contained ten times more endo· 
genous cytokinins than the yellow ones. Most of the detected 
cytokinin·like activity co·chromatographed with dihydrozeatin 
which is resistant to cytokinin oxidase. 
Analise van groen en geel blaartjies van Scheff/era arborico/a 
het getoon dat die groen blare om trent tien keer meer natuurlike 
sitokiniene bevat het as die geel blare. Meeste van die sito· 
kinienaktiwiteit het met dehidrozeatien geko·chromatografeer 
wat bestand is teen sitokinienoksidase. 
Keywords: Endogenous cytokinins, green and yellow leaflets, 
dihydrozeatin. 
* To whom correspondence should be addressed. 
Schefflera arboricola (Hayata) Hayata plants contain leaflets 
that are either completely green or yellow or may show varying 
degrees of variegation. It is generally accepted that root· 
produced cytokinins play a role in both the synthesis and 
maintenance of chlorophyll and that they affect chloroplast 
development and metabolism (Alberte & Naylor 1975; Parthier 
1979; Legocka & Szweykowska 1981). A recent report indi· 
cated that cytokinin movement into yellow leaflets or leaf parts 
was slower than into green leaflets (Van Staden el al. 1994). 
At the same time, the cytokinins transported into the yellow 
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parts were metabolized at a much faster rate. These data, 
obtained with applied radiolabelled cytokinins, suggest that 
within the plant the yellow leaves contain less endogenous 
cytokinins than the green leaves. This possibility was 
examined in this study. 
Mature green and yellow leaflets (15 g lots) were collected 
from healthy plants and freeze·dried. The dried samples were 
ground to fine powders which were then extracted for cyto· 
kinins. All material was extracted at 4°C with 80% ethanol 
overnight. After filtration, the extracts were taken to dryness 
and then resuspended in 50 rnl 80% ethanol, the pH was 
adjusted to 3.5 and the extracts were then passed slowly 
through Dowex 50W-X8 columns (50 g, 50 - 100 mesh, H+ 
form). After being washed with 100 ml 80% ethanol, the 
adsorbed cytokinins were eluted with 100 rnl 5N N~OH. Both 
the ethanolic and ammonia fractions were taken to dryness and 
then resuspended in 1 ml 80% ethanol. These extracts were 
loaded onto Whatman No. 1 chromatography paper and the 
paper was developed descendingly with iso-propanol:25% 
~OH:water (10:1:1 v/v). After drying at 35°C overnight, 
the chromatograms were divided into 10 Rr fractions and the 
equivalent of 5 g fresh leaf material was assayed for cytokinin-
like activity using the soybean callus bioassay (Miller 1965). 
To determine the chlorophyll content of the leaflets, fresh 
samples (100 mg) of green and yellow leaflets (5 replicates) 
were chopped up and extracted in the dark with 5 rnl methanol 
overnight. The absorbance of the extracts was then recorded at 
660 nm. The value obtained for the green leaflets was 1.42 ± 
0.05 compared to 0.16 ± 0.03 for the yellow leaflets. 
The cytokinin-like activity obtained with the soybean callus 
bioassay for the various Rr fractions of the different extracts is 
presented in Figure 1. The ethanolic extracts, which would 
contain cytokinin nucleotides, yielded very little activity for 
both leaf types. Most activity was detected in the ammonia 
fraction of the green leaflets. This activity, which was more 
than ten times higher than that detected in the yellow leaflets, 
chromatographed at Rr 0.6 - 0.9. In order to learn more about 
the nature of these cytokinins the region Rr 0.6 - 0.9 was 
eluted from the remainder of the chromatograms (10 g equiva· 
lent fresh leaf material) with 80% ethanol, concentrated to 100 
]J.I and then fractionated by HPLC as previously described 
(Lee et al. 1985). One-millilitre fractions were collected, dried 
under a stream of air in 25 ml Erlenmeyer flasks and subse-
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Figure 1 Cytokinin-like activity detected in the ethanolic and ammonia fractions of green (A) and yellow (B) leaflets of Schefflera 
following paper chromatography and the assaying of the various Rr fractions using the soybean callus bioassay. 
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quently assayed, using 15 ml medium, for cytokinin-like activi-
ty. The assay was repeated following the running of more 
HPLC "fractionation, and the mean callus yield is presented in 
Figure 2. Three regions of biological activity were recorded. 
The major peak co-chromatographed with trans-zeatin (tZ) and 
dihydrozeatin (DHZ) , which are not resolved in this HPLC 
system. The second (minor) peak of biological activity co-
chromatographed with ribosyl trans-zeatin [9R) tZ and ribosyl-
dihydrozeatin [9R) DHZ. The third (minor) peak of biological 
activity was associated with the retention time of iso-pentenyl-
adenine (iP). While these results indicate that zeatin-like 
compounds are the major endogenous cytokinins in the leaves, 
it remained to be determined whether the side chain of the 
compound(s) was saturated or unsaturated . To achieve this, a 
further aliquot of the extract obtained from the paper 
chromatograms (Rr 0.6 - 0.9) was separated by HPLC and 
fractions 29 - 34 collected. The combined fractions were 
divided into two equal portions, taken to dryness and resus-
pended in 500 fl.l water, whereafter the one fraction was 
streaked onto a Merck silica gel 60 F254 thin-layer plate. The 
other portion was treated with KMn04, which breaks the un-
saturated side chain and renders the cytokinin inactive (Miller 
1965). After treatment this fraction was also streaked onto a 
TLC plate. Both plates were separated using the upper phase of 
n-butanol:25% NH40H:water (6:1:2 v/v) . After drying, the 
cytokinin-like activity of the Rf's was determined and the 
results are expressed in Figure 3. From this it can be seen that 
very little biological activity was lost following KMn04 treat-
ment, suggesting that DHZ is the major cytokinin present in 
the leaflets, not zeatin. 
From the results it is clear that the green leaflets contain 
about ten times more cytokinin than the yellow leaflets. The 
major cytokinin appears to be DHZ which is stable to oxida-
tion. Leaves have been shown to synthesize cytokinins, but this 
occurs predominantly in upper or younger leaves (Singh et al. 
1992). To what extent such biosynthesis occurs in plants with 
variegated leaves is not known. The lower level of endogenous 
cytokinins found to be present in the yellow leaflets correlates 
with the fact that trans-zeatin was imported into yellow leaflets 
at a slower rate, and that whatever cytokinin was imported into 
the leaf was metabolized at a faster rate (Van Staden et al. 
1994). This indicates a differential supply of xylem cytokinins 
and differences in the degree of metabolism in the yellow leaf-
lets. To what extent this ultimately affects the rate of leaf 
senescence is not known. 
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Figure 2 Cytokinin-like activity detected in the green leaves of 
Schefflera. An ammonia extract was fractionated by paper chroma-
tography and the activity associated with Rr 0.6 - 0.9 eluted, 
concentrated and then fractionated by HPLC. One-millilitre frac-
tions were collected and each was assayed for cytokinin activity 
using the soybean callus bioassay. 
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Figure 3 Cytokinin-like activity detected in green leaves of 
Schefflera after the activity associated with tZ and DHZ, follow-
ing HPLC separation (29 - 34 ml), was collected and streaked 
directly onto TLC plates untreated (0), or after having been 
treated with KMn04 (.) before thin-layer chromatography using 
the upper phase of n-butanol:25% NH40H:water (6: 1:2 v/v). Each 
Rr fraction was assayed for cytokinin-like activity. 
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